E
ach year, based on recommendations from its Awards Board, the IEEE Board of Directors recognizes outstanding technical achievements across all IEEE fields of interest with the Technical Field Awards. The IEEE Electromagnetics Award is one of those, and its 2018 citation for Prof. Tatsuo Itoh (see Figure 1 and "Tatsuo Itoh") is unique in that it specifically defines four distinct fields/disciplines of outstanding achievement:
• electromagnetic modeling • artificial materials • antennas • electronics. Here, a variety of his colleagues, collaborators, and/or former students ex plore those fields and the effect of Prof. Itoh's presence.
Electromagnetic Modeling
Prof. Itoh's doctoral studies focused on numerical efficiency designed to be applicable to many planar transmission-line structures, beginning with the planar medium of open microstrip, at a time (1973) when computational speed was in its infancy. For the next 30 years, he and his colleagues developed novel ways of strengthening the state of the modeling art, including time-domain techniques for including transient as well as steady-state simulation.
Libraries of elements and media kept pace with developments in silicon and other media designed to support extremely high-frequency circuit realization. Important application-specific structures include three-dimensional (3-D) via holes, passive and active (non linear) elements, and extension to the time domain to allow analysis of high-speed circuits. These efforts nicely aligned with the beginnings of exponential computational speed, starting in the early 1960s. An additional feature of electromagnetic theory, its strong basis in the laws of physics, shaped Prof. Itoh's and his students' physics-first principles of problem statement and solution.
Artificial Materials
Since the late 1990s, Prof. Itoh has been involved in the design and application of various artificial microwave materials. These have primarily been of two types, with distinct properties in the operating frequency range of each: 1) photonic (or electromagnetic) bandgap (PBG) structures (i.e., Bragg regime diffraction-periodic structures with two-dimensional or 3-D stopbands) and 2) metamaterials (electromagnetically homogenous structures) and their deeply subwavelength feature scale with exotic propagation and radiation properties. In both categories, he made ground-breaking contributions, particularly with his trademark uniplanar-compact PBG structures (mostly from 1995 to 2003) and composite right-/left-handed metamaterials (mostly from 2001 to 2006), respectively. Both of these led to an impressive wealth of applications. 
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Antennas
During Prof. Itoh's career, antennas have evolved from a discrete component bolted or cabled to the transmitter/ receiver assembly into an integrated part of the receiver or transmitter, enhanced by active components properly matched to the array elements. Prof. Itoh's work on modeling and metamaterials, along with his attention to their application, produced innovative concepts in antenna design and integration and realized improved system cost and performance in and around the antenna.
Electronics
As the second "E" in IEEE, electron i c s embraces a large field, andeven when including those modifiers ("microwave," "millimeter wave," and "tera hertz")-we think of them in the context of Prof. Itoh's work. In fact, he contributed to a number of areas of electronics in his early years, as he defined his professional path and goals. These experiences were invaluable in focusing his efforts toward practical applications, all to the benefit of the profession, his colleagues, and his students.
Honoring Tatsuo Itoh
The accompanying sidebars ("Prof. He has received the MTT-S Distinguished Microwave Educator Award (2000) 
Prof. Itoh's Contributions to Electromagnetic Modeling
■ Roberto Sorrentino
The citation for the IEEE Electromagnetics Award bestowed on Tatsuo Itoh reads as follows: "For contributions to electromagnetic modeling, artificial materials, microwave electronics, and antennas." Prof. Itoh's work has, indeed, embraced a wide spectrum of important connections of electromagnetics with other physical subjects based on the underlying physics. This is the first time that so prestigious an award has been presented to a scientist active not only in electromagnetics but also in the area of microwave electronics. This is a testimony to the exceptional value and impact attained by Prof. Itoh's work.
Although his accomplishments extend beyond traditional research in electromagnetics, I will focus on the specific area of electromagnetic modeling, his most universally known contribution being the spectral domain approach (SDA) presented in the famous 1973 paper "Spectral Domain Approach for Calculating the Dispersion Characteristics of Microstrip Lines" [S1]. This three-page paper became one of the most-cited works published in IEEE Transactions on Microwave Theory and Techniques and fundamentally changed the analysis of planar and quasiplanar transmission media, such as microstrips, finlines, and similar structures, consisting of metal strips and/or slots on stratified dielectric layers. Digital Object Identifier 10.1109 /MMM.2017 .2783280 Date of publication: 7 February 2018 and his coworkers have accomplished much. His technical reach has been wide (and continues to broaden), and his insights and approach to problem solving are extremely effective. Other matters, mentioned by each of the sidebar authors, include the contributions Prof. Itoh has made to enriching the lives of those who have worked with him. Examples include providing student guidance while encouraging independence and his understanding that the teacher's goal is to learn and grow with the student. In matters of execution, his work ethic and leadership are exemplary.
These short summaries are intended to recognize that Tatsuo Itoh, as all of us, is a work in progress. We offer best wishes to him for the future. Thank you, Dragonman, for providing examples of excellence to us all! the weekends. I believe that this was the same car he would use for a monthly commute between Austin and Los Angeles when he was at UT."
To this day, Prof. Itoh continues to apply his knowledge to solve a variety of problems related to electronics. Significant contributions have been made recently in terahertz signal generation using quantum cascade lasers [S68] - [S69] . As microwave systems have evolved to include silicon integrated circuits, he has contributed to interconnects, transitions, diplexers, and resonators compatible with this integrated circuit technology. He continues to publish on oscillators, resonators, and filters.
For the most part, Prof. Itoh's work on electronics has the common approach of selecting diverse components and functions, understanding how they operate, and then integrating them together in a way that had not been done before-all with the intention of improving performance or demonstrating a new and novel mode of operation. This work has been well received and resulted in many published papers that continue to be highly cited.
Both of us believe this diverse work on electronics significantly influenced Prof. Itoh's many students as well as the community. His most fundamental emphasis for each of us was to first understand the unique properties of what we were working on. This meant understanding operation from first principles and then applying this knowledge to building electronic systems. We soon sensed the need for developing a deep understanding of microwave electronics, device physics, circuit design, and antenna theory.
